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engine control system calculating an engine operating con- 
trol value, a palm-size computer transportable relative to the 
engine control system, and an external computer communi- 
cating with the pakn-size computer. The engine operating 
control value is adapted to be supplied lo the internal 
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computer engine management tools and engine management 
files, and uploads from the palm-size computer engine 
management files. 
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ENGINE MANAGEMENT SYSTEM sembled and different size jets or pumps installed to modify 

the amount of fuel delivery. However, this is a laborious 

CROSS REFERENCE TO CO-PENDING process that, it is believed, that most often, can only be done 

APPLICATIONS while the engine is not running. 

This application claims the benefit of the earlier filing date ^ It is believed that known fuel injection systems, which can 

of U.S. Provisional Application No. 60/183380, filed Feb. be operated electronically, spray a precisely metered amount 

18, 2000, the disclosure of which is incoiporated by refer- of fuel into the intake system or directly into the combustion 

ence herein in its entirety. cylinder. The fuel quantity is believed to be determined by 

a controller based on the state of the engine and a data table 
HELD OF THE INVENTION lO known as a "map" or "look-up table." It is believed that the 
The present disclosure is directed to an engine manage- naap includes a collection of possible values or "setpoints" 
ment system for an internal combustion engine. In particular, ^^^^ ^®*st one independent variable (i.e., a char- 
this disclosure is directed to providing a system that allows acteristic of the stale of the engine), which can be measured 
an operator to transfer engine management data between a by a sensor connected to the controller, and a collection of 
palm-size computer and an engine control system, and to corresponding control values, for a dependent variable con- 
transfer engine management files between the palm-size ^^ol function, e.g., fuel quantity. 

computer and an external computer. As an example, a Conventionally, it is believed that maps are developed by 

system according to one embodiment enables an operator to the engine manufacturer and permanently set in an engine 

calibrate the engine operation, either while the engine is not control unit at the factory. Currently, for on-road vehicles, 

running or while operating in its intended environment, by this is befieved to be legally required in order to meet 

changing trim control values, which represent modifications emissions regulations. However, it is believed that even 

to base engine control values that are based on an engine when it is not legally required, the manufacturers prevent 

control map. More particularly, a recreational vehicle rider engine operators from modifying the maps for a variety of 

can generate trim control maps for calibrating base engine reasons such as the manufacturers beheve that their maps 

control maps, e.g., such as for ignition timing and fuel provide the best engine performance, the manufacturers are 

delivery, while riding or driving the vehicle. afraid that an engine operator might damage the engine by 

It is believed that the performance of an internal com- specifying inappropriate control values, or the raanufaclur- 

bustion engine is dependent on a number of factors includ- assume that an engine operator might not have sufficient 

ing the operating cycle (e.g., two-stroke, four-stroke. Otto, s^iU to properly modify a map. However, it is believed that 

diesel, or Wankel), the number and design of combustion the manufacturers have "optimized" their maps to perform 

chambers, the selection and control of ignition and fuel best under a set of conditions that they specify. In most 

delivery systems, and the ambient conditions in which the cases, it is believed that these conditions do not match the 

engine operates. conditions in which the engine is operated. Consequently, 

Examples ofdesign choices for a combustion chamber are 35 ^^o^?^ ^^P^ beUeved to limit, rather than optimize, an 

believed to include choosing a compression ratio and choos- engine's performance. 

ing the numbers of intake and exhaust valves associated with It is further believed that ambient conditions such as air 

each chamber. In general, it is believed that these choices temperature, altitude, and barometric pressure affect engine 

cannot be changed so as to calibrate engine operation after performance. It is believed that these conditions generally 

the engine has been built. impact the entire operating range of the engine. In the case 

With regard to ignition systems, breaker point systems ^^^^^^ injection, it is believed to be known to compensation 

and electronic ignition systems are known. It is believed that these conditions by calculating an adjustment for every 

these known systems provide spark timing based on an operating state of the engine. 

operating characteristic of the engine, e.g., speed of rotation Thus, engine performance is believed to be substantially 

and load. In the case of breaker point systems, it is beUeved 45 dependent on how combustion is accomplished in the ambi- 

that engine speed Is frequently detected mechanically using ent conditions. The stoichiometric ratio of air to gasoline is 

centrifugally displaced weights, and that intake manifold 14.7:1. However, it is believed that ratios from about 10:1 to 

vacuum is commonly used to detect engine load. In the case about 20:1 will combust, and that it is often desirable to 

of electronic ignition systems, it is believed that engine adjust the air-fuel ratio to achieve specific engine perfor- 

speed is generally detected with an angular motion sensor 50 mance (e.g., a certain level of power output, better fuel 

associated with rotation of the crankshaft, and that engine economy, or reduced emissions). Similarly, it is also 

load is frequently detected, for example, by the output of a believed to be desirable to adjust ignition timing, commonly 

throttle position sensor. In each case, spark timing is measured in degrees of crank rotation before a piston 

believed to be fixed according to these known systems for a reaches top-dead-center of the compression stroke, to 

given operating state of the engine. 55 achieve specific engine performance (e.g., lowest fiiel con- 

With regard to fuel delivery systems, carburetors and fiiel sumption or reduced emissions), 

injection systems are known. It is believed that these known It is believed to be a disadvantage of known ignition 

systems supply a quantity of fuel, e.g., gasoline, that is based timing systems and fuel delivery systems that engine opera- 

on the amount of air being admitted to the engine, i.e., in tion is constrained by the fixed controls established by the 

accordance with the position of the throttle as set by the 60 suppUers of these systems. It is also believed to be a 

operator. In the case of carburetors, it is believed that fuel is disadvantage that any possible adjustments to these known 

delivered by a system of orifices, known as "jets." As systems requires a technician to reconfigure one or more of 

examples of carburetor operation, it is believed that an idle the system components, or to disassemble the system, install 

jet may supply fuel downstream of the throttle valve at substitute components, and reassemble the system, 

engine idling speeds, and that fuel delivery may be boosted 65 Therefore, it is further beheved to be a disadvantage of these 

by an accelerator pump to facihtate rapid increases in engine known systems that neither the effectiveness nor the sufiS- 

speed. It is believed that most carburetors must be disas- ciency of these adjustments can be determined while con- 
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tinuously operating the engine in its intended environment. solely of an ignition timing map. Alternatively, a map set can 

And it is yet ftirther believed to be a disadvantage of these comprise an ignition timing map and a fiiel delivery map. 

known systems that the effect of these adjustments cannot be Referring to FIG. 1, an engine management system 10 

directly compared. includes a library of engine management files in an externa! 

There is beheved to be a need to overcome these disad- 5 computer 130. These engine management files can be made 

vantages of known ignition and fuel delivery systems. avaUable to an engine control system via a pahn-size com- 

puter 120, and can be used for calibrating engine perfor- 

SUMMARY OF THE INVENTION mance. The engine management 10 includes an engine 

control unit 20 that is coupled (e.g., via wires or wirelessly) 

The present invention provides an engine management to one or more input or output devices (e.g., sensors or 

system for an internal combustion engine. The engine man- actuators). The engine control unit 20 can include a proces- 

agement system comprises an engine control system calcu- sor that uses coded instructions to act on electrical input 

lating an engine operating control value, a palm-size com- signal(s) and to supply electrical output signal(s). According 

puter transportable relative to the engine control system, and to one embodiment, wires electrically connect the engine 

an external computer communicating with the palm-size control unit 20 with various other components, which will be 

computer. 'ITie engine operating control value is adapted to described in detail below. The housing 20fl of the engine 

be supplied to the internal combustion engine to vary engine control unit 20 and the other components can be electrically 

performance. The palm-size computer has height, width, and grounded with respect to a vehicle chassis (not shown), e.g.. 

thickness dimensions that are no larger than approximately * motorcycle firame, in a known manner. The electrical 

6inchesbyapproximately4inchesbyapproximatelylinch. connections with respect to the engine control unit 20 can 

The palm-size computer runs a set of engine management '° comprise two female sockets (not shown) mounted on the 

tools that communicate engine management data to the for receiving corresponding right-angle mde 

♦ -ru * I .A ij. plugs (not shown) at ends of a winng loom (not shown). Of 

engine control system. The external computer downloads to ^^^^er of male plugs and any nimber of female 

the palm-size computer en gme management tools and ^^^ets, in any combination and configuration, may be 

engine management files, and uploads from the palm-size associated with either the housing 20fl or the wiring loom, 

computer engme management files, ^^^^^ ^0 can be installed beneath an 

BRIEF DESCRIPTION OF THE DRAWINGS operator's seat (not shown). The engine control unit 20 can 

be pivotally mounted to facihtate accessibihty to the elec- 

The accompanying drawings, which are incorporated trical connections and to an ignition coil 30 that can be 

herein and constitute part of this specification, include one 30 mounted on the underside of the engine control unit 20. 

or more embodiments of the invention, and together with a Pivoting the engine control unit also facilitates draining 

general description given above and a detailed description contaminates firom a barometric pressure sensor 22 that can 

given below, serve to disclose principles of the invention in be incorporated within the housing 20fl of the engine control 

accordance with a best mode contemplated for carrying out unit 20. The functions of the ignition coil 30 and the 

the invention. 35 barometric pressure sensor 22, and their relationship to the 

HG. 1 is a schematic illustration of an embodiment of a engine control unit 20, will be described below in greater 

system for calibrating engine operation Additionally, either or both of the ignition coil 30 and 

HG. 2 is a plan view of a dash panel according to a first barometric pressure sensor 22 can be mounted apart 

embodiment. ^^^"^ ^^^me control umt 20. 

- . , . i-i.jij40 According to one embodiment, the engine control unit 20 

FIG. 3 IS a plan view of a dash panel with a docked j • 1 . 1 1 • ^ 

, . J- . J u J- can provide a single engme operating control value. I.e., for 

palm-size computer accordmg to a second embodmient. ^A\Zr « ^- • . 1 u • • 

*' ^ t> adjusting a single engme control, such as ignition timmg. 

HG. 4 is a perspective view of the dash panel shown in However, according to another embodiment, which is shown 

FIG. 3 with the pahn-size computer shown in a detached in the figures, the engine control unit 20 can provide a 

configuration. 45 plurahty of engine operating control values, i.e., for con- 

FIG. 5 is a flow chart illustrating a method of calibrating trolling a plurality of engine controls, such as fuel quantity 

engine performance in accordance with an embodiment of and ignition liming. 

an engine management tool for calibrating engine operation. The engine control unit 20 is electrically connected to a 

ncTAiT cn nccr-DTimrkKT rkc ttjc ^cI delivery module 40. The fuel delivery module 40 can 

DETAILED DES^^^ OF THE ^^^^^^ ^^^^^ ^^^^^^ 42 that can be mounted on 

IJN vtiN 1 lulN ^ jjj^j^jg extending from a fluid inlet (not shown) 

As they are used in connection with the present invention, to a fluid outlet (not shown). A butterfly valve (not shown) 

the expressions "trim" or "trimming," "group," "map trim is positioned in the throttle body 40fl between the inlet and 

definition," and "map set" have specific meanings. The the outlet, and is pivotal about an axis (not shown) between 

expressions "trim" and "trimming" refer to changing the 55 a first configuration preventing fluid flow through the 

value of one or more setpoints. The value of this change, throttle body 40a and a second configuration permitting fluid 

which can be positive or negative, can be a function of the flow through the throttle body 40^2. An actuator cam (not 

original setpoint or a selected increment. The expression shown) is connected to the butterfly valve for pivoting the 

"group" refers to an aggregation or parcel of setpoints that butterfly valve, against the bias of a return spring, e.g., a 

are acted upon in unison by a trimming action. A group can 60 torsion spring (not shown), from the first configurarion to the 

be defined by a "map trim definition." For example, a map second configuration. The actuator cam can be connected, 

trim definition can parcel out an engine control map so as to via a throttle cable (not shown), to a throttle control element 

create a group of setpoints that he within a selected range(s) (not shown), which can be operator controlled. As will be 

of the independent variable(s), e.g., sensed engine operating discussed in greater detail below, a throttle position sensor 

characteristics, llie expression "map set" refers to a single 65 44 is also connected to the butterfly valve for measuring the 

engine control map or to an association of plural related angular position of the butterfly valve as it is pivoted about 

engine control maps. For example, a map set can consist the axis. 
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The fuel iDjector(s) 42 can be oriented so as to spray a trim signals (as regulated by the at least one trim +/- 

precisely metered amount of fuel from inside the throttle adjustment switch 86) and the trim defeat signals (as regu- 

body 40fl toward an intake port (not shown) in a two-stroke lated by the trim defeat switch 88). la the "oflF' position of 

engine or through a poppet valve opening (not shown) in a trim defeat switch 88, the engine control unit 20 calcu- 
four-slroke engine. In the case of four-sUoke engine designs 5 ^^i^s the engine operating control values equal to only the 

having a plurality of intake valves (not shown), each of the control, and the engine control unit 20 ignores 

injectors 42 can be oriented so as to spray fuel through a ^™ signals (as regulated by the at least one inm +/- 

respective valve opening. adjustment switch 86) and the trim defeat signals (as regu- 

, , . J 1 t • lated by the trim defeat switch 88). The on/ofif switch 90 

The fuel deuvery module 40 may further comprise an / , . . i . • ,. r . 
... / I iin activates or deactivates electrxCTty to all of the components 

mtake air-temperature sensor 46 that can be, for example, ^ ia ^ i .u /or % u nn 

. J *i_ u 11 r u J >iA J of the apparams 10 For example, the on/off switch 90 can 

mounted through the wall of the throttle body 40a, and , . . , . , , 

r *u I- a 1 in. t *• c *u disconnect the battery 34 and the alternator (i.e., slator 36 

upstream from the butterfly valve. The functions of the j * .il . i iA i-L j- i 

. , , >•£ J 1 u- . .u • and rotor 38) from the engine control unit 20. The display 

air-temperature sensor 46 and Its relationship to the engine j o-* . T j-. ij- j 

* 1 -11 u J 1- J u I • . J * -1 device 82 can be any analogue or digital device, and can 

control unit 20, will be described below m greater detail. j.| u * u i- a 

^ *5 display alpha-oumenc characters or graphical images. As 

The fuel delivery module 40, in cooperation with the s^own in FIG. 2, the display device 82 can include three 

engine control unit 20, provides a number of advantages ^aJ82Wc. The functions of the switches 

mcludmg the ability to be adjusted elecironicaUy without 84,86,88,90 and display device 82 on the dash panel 80, as 

being removed, disassembled, reassembled, and reinstalled, ^^^1 as their relationship to the engine control unit 20, will 

Another advantage is the abUity to be electronically adjusted 5^ described below in greater detail, 

while the engine is rumiing Aiiolher advantage is the abUity ^^^^ ^ ^^^^^^^ ^ ^ ^^^^^ 

to provide separate control of different groups of setpoints ergonomic actuation of the switches 84,86,88.90 and 

that are specified by map tnm definitions which will be ^ ^-^^^^^ ^^^-^^ ^ ^^1^^ 

described below m ^eater detail. Yet another advantage is ^ motorcycle, the dash panel 80 can be mounted on 

that the fuel injector(s) 42 can be programmed to compen- t^e handle-bars 200, e.g., proximate to the left-hand grip 

sate for changes m ambient conditions, e.g changes in 202. Of course, the dash panel 80 could be located at other 

barometric pressure or air-temperature. According to positions that are readily accessible^isible to the rider in the 

embodiments of the engine management system 10, it is ^^^^ operating the motorcycle. By locating the dash 

possible to compensate for vanations in the voltage avail- ^ ^ ^^^^ ^ ^-A, the switches 84,86,88,90 

able to actuate the fiiel mjector(s) 42, and with a lambda ^e ergonomically arranged so as to facilitate tactile 

sensor, to also compensate for wear and agmg of the fuel identification and operation of the switches 84,86,88,90 

mjector(s) 42. ^^^^^ ^^j^^..^ j^fj thumb. Broken line 92 indicates a 

An electrically operated fuel pump 50 having a low possible line of travel of the rider's thumb. Moreover, the 
pressure fuel inlet 52 receiving fuel from a fiiel tank 60 and smart lights 82fl,82^82c are presented to the rider such that 
a high-pressure fuel outlet 54 can deliver pressurized fiiel to 35 even a quick glance can enable the rider to ascertain what- 
the fiiel injector(s) 42. The fiiel pump 50, which can be ever information, as specified by the smart light definitions, 
electrically interconnected with the engine control unit 20, that is provided by the smart bghts 82a,82fe,82c. 
can be a positive displacement type pump or a dynamic type pics. 3 and 4 show an alternative arrangement of a dash 
pump. A pressure regulator 70 can be connected to the p^nel 80'. As best seen in FIG. 4, the dash panel 80' can be 
high-pressure fuel outlet 54 for regulating the pressure of the comprised of a fixed portion 80a and a relatively transport- 
fuel supplied to the fuel injector(s) 42. The pressure regu- 3^1^ palm-size computer 120, which will be described in 
lator 70 can reheve excess pressure by rctummg a portion of detail below. The fixed portion 80^, which includes the 
the high-pressure fuel stream to the fuel tank 60. The fuel display device 82, the map selection switch 84, and the 
pump 50 can be mounted wherever space permits, e.g., on on/off switch 90, is fixed with respect to the handlebars 200. 
the extenor of an engine 100. ^he palm-size computer 120, which includes a display 

A fuel filter (not shown), which can be serviceable, can be device, is detachable relative to the handlebais 200. The 

a separate unit located at any position along the fiiel supply, display device can be a display screen that is integrated the 

or the fuel filter can be incorporated within the fuel tank 60, palm-size computer 120. Although the smart lights 82^,826, 

fuel pump 50, fuel injector(s) 42, or pressure regulator 70. 82c are not shown in FIGS. 3 and 4, the fixed portion 80fl 

Referring additionally to FIGS. 2-Ay the engine control so could also include the smart lights 82t2,826,82o. The palm- 
unit 20 is electrically connected to a dash panel 80 that is size computer 120 can be detached and stowed, either on the 
readily accessible to an operator, e.g., the rider in the case of operator's person, on the vehicle, or elsewhere, when it is no 
a motorcycle. The dash panel 80 can comprise at least one longer necessary for the rider to trim the engine 100, or when 
switch for regulating a trim signal supplied to the engine the operator wishes to protect the palm-size computer 120 
control unit 20 and can comprise at least one display device 55 from the ambient conditions (e.g., rain, dust, etc). 
82 for conveying to the operator information supplied from Referring now to all of the figures, the functions and 
the engine control unit 20. As shown in FIGS. 2-4, the dash relationships of the system components will now be 
panel 80 can include a map set selection switch 84, at least described. As the engine management system 10 is shown in 
one trim +/- adjustment switch 86 (e.g., a trim + pushbutton the figures, the engine control unit 20 supplies a first control 
86a and a separate trim - pushbutton S6b are shown in 60 signal for a first engine control, e.g., fuel quantity, and a 
FIGS. 2-4), a trim defeat switch 88, and an on/off switch 90. second control signal for a second engine control, e.g.. 
The trim defeat switch 88 regulates a trim defeat signal that ignition timing. Thus, for each map set stored in the engine 
causes the engine control unit 20 to perform two functions. control unit 20, there is an ignition liming map and a fuel 
In an "on" position of the trim defeat switch 88, the engine amount map. However, in general, a map set can include 
control unit 20 calculates the engine operating control values 65 different numbers of maps (i.e., only one or more than two), 
equal to the base engine control values as modified by trim different types of maps (e.g., fuel timing, power jet 
control values, and the engine control unit 20 processes the actuation, or power valve acmation), or different combina- 
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tioos of map types (e.g., ignition timing, fiiel timing, and 
power valve actuation). 

Table 1 shows an example of a map that includes an 
arbitrarily selected number of ignition timing setpoints. 
Each setpoint corresponds to the values of two engine 
operating characteristics, i.e., an engine speed value and a 
throttle position setting value. Thus, for a given value of 
engine speed (e.g., as sensed by or derived from an output 
signal firom a crankshaft angular motion sensor 102) and for 
a given value of throttle position setting (e.g., as measured 
by the throttle position sensor 44), an ignition timing set- 
point is assigned. For example, this map tells the engine 
control unit 20 to deliver an ignition timing of 5 degrees 
before top dead center (BTDC) at 2000 revolutions per 
minute (r.p.m.)* regardless of throttle opening. At 5000 
r.p.m., the engine control unit 20 will vary ignition timing 
firom 25 degrees BTDC, when the throttle is closed, to 30 
degrees BTDC, when the throttle is open 75% or more. 

TABLE 1 



Ignition Timing Engine speed (revolutions per minute') 



(degrees BTDC) 


0 


2000 


5000 


7000 


Throttle 


0 


0 


5 


25 


14 


opening 


25 


0 


5 


27 


12 


(pcrccntege) 


50 


0 


5 


29 


10 




75 


0 


5 


30 


9 




100 


0 


5 


30 


7 



In general, a map will include a great number of setpoints 
that can be assigned for every conceivable engine 
performance, as determined by measuring one or more 
engine operating characteristics. If a map includes gaps 
between specified values of the characteristics (e.g., in Table 
1, there are gaps of 2000 r.p.m. or more between the 
specified values for engine speed), the engine control unit 20 
can interpolate the operating control values between two 
specified characteristic values. 

Engine management data including one or more map sets 
can be downloaded to the engine control unit 20 from the 
palm-size computer 120, either via a data port 110 or by 
"docking" the palm-size computer 120 with the fixed portion 
80fl of the dash panel 80'. The coupling between the palm- 
size computer 120 and either the data port 110 or the fixed 
portion 80fl can be via wires or wireless. In addition to map 
sets, the engine management data can include the map trim 
definitions, and the smart light definitions, as well as soft- 
ware updates for the engine control unit 20. 

As it is used herein, the expression "palm-size computer" 
refers to a hand-held device enclosed within a housing that 
generally fits within a normal size palm of a normal opera- 
tor's hand. The height, width, and thickness dimensions of 
a palm-size computer are no larger than approximately 6 
inches by approximately 4 inches by approximately 1 inch. 
Thus, a palm-size computer is readily transportable, e.g., 
within a normal size shirt pocket. 

Palm-size computers, which are battery powered, gener- 
ally include a touch-screen as an input/output device. 
Examples of such palm-size computers include Hewlett- 
Packard's Pocket PC and 3Cora's PalmPilot. 

The inventors have discovered a number of unexpected 
results that are achieved by using a palm-size computer 120 
that runs a set of engine management tools for communi- 
cating engine management data to the engine control system 
of a motorcycle. For example, these advantages include the 
relative small cost of the palm-size computer 120 with 
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respect to the cost of a laptop or desktop personal computer. 
The reduced size, reduced weight, and increased tolerance to 
mechanical shock (such as may be caused by impacts, 
bouncing, jarring, etc.) of the palm -size computer 120 

5 relative to laptop or desktop personal computers, are also 
advantageous. With regard to the latter, the small size, low 
weight, and increased tolerance to mechanical shock can 
even make it possible for a motorcycle rider participating in 
an endurance event to carry the palm-size computer 120 

jQ on-board during the event, e.g., in a clothing pocket or in a 
storage compartment on the motorcycle. The set of engine 
management tools can include a calibration tool such as OPT 
Cal software, which is manufactured by Optimum Power 
Technology. Using OPT Cal software, the engine operator 

j5 can tell the engine control unit 20 which map set is to be 
activated, the map trim definitions that designate the active, 
i.e., modifiable, portions of the map set, and the smart light 
definitions. The data port 110 used to transfer data between 
the pahn-size computer 120 and the engine control unit 20 

20 can be any configuration (e.g., using a physical connection 
such as a docking or a cable, using transceiving techniques, 
etc.) and can use any protocol (e.g., RS-232 or ISO 9141). 

In addition to processing downloaded data, the engine 
control imit 20 can also be connected to any necessary 

25 on-board sensor. The air-temperature sensor 46 and baro- 
metric pressure sensor 22 can provide sensor signals repre- 
senting the density of the air being inducted into the engine 
100, and can be used to effect global changes to all control 
signals based on the values in each map set that has been 

30 downloaded to the engine control unit 20. In connection with 
this invention, the expression "global" refers to making an 
adjustment with respect to every setpoint in a control map, 
whereas "local" refers to a setpoint or a group of setpoints 
in a control map. The sensor signals from the engine speed 

35 sensor 102 and throttle position sensor 44, in addition to 
being monitored by the engine control unit 20 for accessing 
setpoints, can be used to determine which setpoint(s) is to be 
the basis for trimming. Using the engine management sys- 
tem 10 in connection with the fuel delivery system 40 

40 including fuel injector(s) 42 can be considered to be analo- 
gous to carburetor jetting, i.e., below a certain throttle 
opening, trimming according to the present invention cor- 
responds to changing the slow jet, trimming at higher 
throttle openings corresponds to changing the needle jet, and 

45 trimming at still higher throttle openings corresponds to 
changing the main jet. However, unlike the trims according 
to the engine management system 10, most jet changes 
cannot be done while the engine is operating. 
Additionally, a sensor (not shown) for electrical system 

50 voltage can measure variations that directly affect the reac- 
tion time and accuracy of the electromechanical movements 
within the fuel iDjectoi(s) 42. Sensors (not shown) for gear 
position and side stand deployment can be used to alert a 
motorcycle rider to potentially harmful or dangerous con- 

55 ditions. And a sensor (not shown) for detecting the initiation 
of a gear change can signal the engine control unit 20 to 
momentarily cut-off the ignition system or the fuel delivery 
module 40, thereby facilitating smoother shifis. Of course, 
the engine control unit 20 can be connected to many other 

60 sensors, e.g., sensors (not shown) for engine coolant tem- 
perature or oil pressure that can provide a warning to the 
engine operator. 

The engine control unit 20 also receives trim signals, trim 
defeat signals, and map selection signals from the dash panel 

65 80, and activates the smart lights 82a,826,82c as 
appropriate, in accordance with the smart light definitions. 
The trim functions are controlled by the map set selection 
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switch 84, the at least one map trim +/- switch 86, and the step 1010, the map trim defeat switch 88 is configured to 

map trim defeat switch 88. As it is shown in FIGS. 2-4, the activate the map trim -i-/- switches 86a,86^. In step 1020, the 

map set selection switch 84 can be a thiee-position toggle engine management system 10 is set-up. The set-up 1020 

switch, thereby providing a choice of three map sets. can include: 1) establishing map trim definitions to designate 

Alternatively, the map set selection switch 84 can provide a 5 small throttle settings (e.g., 0-10% throttle opening) as the 

choice of only two map sets or more than three map sets. The active range, and to limit trim capability (e.g., no more than 

possible pemiutations of map sets that can be selected is +/- 20% of setpoint value in the base control map), 2) 

very lacge. As a first example, the center position of the map establishing smart light definitions so that light 82c glows 

set selection switch 84 can be assigned to a map set that steadily if the throttle position sensor 44 supplies a sensor 

optimizes the acceleration of a vehicle from a resting signal indicating that the engine 100 is performing in the 

position, the lower position of the map set selector switch 84 active range, and 3) downloading to the engine control unit 

can be assigned to the map set that is to be used a majority 20 (e.g., via the data port 110) a map set, the map trim 

of the time, and the upper position of the map set selection definitions, and the smart light definitions. In step 1030, the 

switch 84 can be used when peak power output is required. engine 100 is started. In step 1040, the operator releases 

As a second example, the lower position of the map set throttle so as to allow the engine 100 to idle. In step 1050, 

selector switch 84 can be assigned, in accordance with the the engine control unit 20 decides, based on the sensor signal 

accompanying map trim definitions, to enable the ignition supplied from the throttle position sensor 44, if the engine 

timing map to be trimmed, and the upper position of the map stale is within the active range according to the map trim 

set selection switch can be assigned, in accordance with the definitions. If the decision in step 1050 is negative (i.e., 

accompanying map trim definitions, to enable the fuel "no"), the engine control unit 20 does not supply the display 

quantity map to be trimmed. 82 with an information signal to turn-on smart light 82c. If 

The map trim +/- switch 86 can be a three-position rocker the decision in step 1050 is positive (i.e., "yes"), the engine 

switch for incrementing or decrementing the trim control control unit 20 supplies to the display 82 an information 

values based on the currently active setpoint (or group of signal to tura-on smart light 82c, thereby providing an 

sctpoints including the currently active setpoint) by a speci- 25 indication to the operator that manipulating the trim +/- 

fied function or amount. Alternatively, rocking the map trim switches 86a,86^ and the trim defeat switch 88 are effective 

+/- switch 86 to either of the (+) or (-) can initiate a complex to calibrate the engine 100. In step 1060, after a positive 

set of adjustments to a group of setpoints including the decision in step 1050, the operator presses the trim + 

currently active setpoint. As an example of such a complex pushbutton H6a. In step 1070, the operator, with or without 

adjustment, the adjustments to each of the setpoints in the 3Q assistance from the display 82, decides if the engine perfor- 

group can be proportional to the adjustment applied to the mance has varied such that the engine 100 is rotating faster 

currently active setpoint. Also, as discussed above, the (i.e., an increase in r.p.m.). 

adjustments signaled by the map trim +/- switch 86 can be In step 2000, after a positive decision in step 1070, the 

applied to the currently selected map, or can be applied to all operator again presses the trim + switch 86a. In step 2010, 

like maps. As shown in FIGS. 2-4, separate pushbuttons 35 the operator again decides if the engine performance has 

86^2,86Z> can be substituted for the three-position rocker-type varied such that the engine 100 is rotating faster (i.e., an 

map trim +/- rocker switch 86. increase in r.p.m.). If the decision in step 2010 is positive, 

The map trim defeat switch 88 allows the engine operator step 2000 is repeated. Step 2000 is repeated until either the 

to perform instant comparisons, i.e., "ABAB," between the trim capability limit (e.g., a trim signal adding 20% to the 

base map set and the trimmed map set. Moreover, these 4Q base engine control value of the setpoint value according to 

comparisons can be performed while the engine is being the base control map) is reached (not shown), or the operator 

continuously operated in its intended environment. The map decides that the engine performance has varied such that the 

trim defeat switch 88 also signals the engine control unit 20 engine 100 is rotating slower (i.e., a decrease in r.p.m.). If 

whether or not to process inputs from the map trim +/- the decision in step 2010 is negative, the operator presses the 

switch 86. 45 trim - pushbutton S6b to return to the previous engine 

As shown in FIG. 2, the display device 82 can comprise performance, 

a set of three smart lights 82fl,826,82c that assist the engine In step 3000, after a negative decision in step 1070, the 

operator in the trimming process. The smart lights S2a,S2b, operator presses the trim — pushbutton 866. In step 3010, 

82c can be set-up in accordance with the active smart light the operator again decides if the engine performance has 

definitions to convey different information. For example, the 50 varied such that the engine 100 is rotating faster (i.e., an 

smart lights S2afi2bfi2c can indicate if the engine is cur- increase in r.p.m.). If the decision in step 3010 is positive, 

rently performing in a part of the map that the trims are step 3000 is repeated until either the trim capability limit 

active, or whether an attempt has been made to trim above (e.g., a trim signal subtracting 20% from the base engine 

or below safe maximum or minimum values that are pre- control value of the setpoint value according to the base 

determined by the engine operator. The smart lights 82a, 55 control map) is reached (not shown), or the operator decides 

826,82c can also be defined to alert the engine operator to that the engine performance has varied such that the engine 

such conditions as a sensor failure, low battery voltage, or 100 is rotating slower (i.e., a decrease in r.p.m.). If the 

engine overheating. In addition to having different modes of decision in step 3010 is negative, the operator presses the 

operation (i.e., dark, continuously glowing, slow flashing, trim + pushbutton 86a to return to the previous engine 

and rapid flashing), the smart lights 82a,82fe,82c can have go performance. 

different colors (e.g., green, amber, and red) to further In step 1080, the operator has successfully optimized the 

increase the amount of information that can be ascertained idle speed performance of the engine 100, i.e., within the 

with only a glance by the operator. active range according to the map trim definitions. 

FIG. 5 illustrates an example of a method 1000 for using The map trim defeat switch 88 can be operated to perform 

the engine management system 10 to trim the idle perfor- 65 an ABAB comparisons to evaluate the effect of trimming the 

mance of the engine 100 with the object of calibrating a fuel engine 100 as compared to the base control map. Th& 

delivery map to obtain optimal idle speed performance. In compilation of the trim control values selected by the 
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Operator are stored in the trim control map set and can be 
uploaded to the personal computer for modifying the base 
map set, thereby creating a fresh base map that can be used 

subsequently. 

Thus, the engine management system 10 provides many 5 
advantages including calibrating engine perfo radiance with 
adjustments that can be made while the engine 100 is being 
operated in its intended environment, and enabling an 
ABAB comparison during this operation to evaluate the 
effectiveness of the adjustments. An "ABAB" comparison ^0 
refers to the operator alternately manipulating the trim 
defeat switch 88 between its first and second configurations. 
In the first configuration of the trim defeat switch 88, a trim 
defeat signal causes the engine control unit 20 to calculate 
the engine operating control values equal to the base engine is 
control values modify by the trim control values (i.e., with 
the trim control map modifying the base control map). In the 
second configuration of the trim defeat switch 88, the trim 
defeat signal causes the engine control unit 20 to calculate 
the engine operating control values equal solely to the base 20 
engine control values (i.e., without the trim control map 
modifying the base control map). 

Additionally, embodiments of the engine management 
system 10 can be provided as a kit such that the engine 
control unit 20 and an ignition module can replace an 
existing ignition system, and the fuel delivery system 40 and 
fuel pump 50 can replace an existing carburetor. The kit can 
additionally include a replacement wiring loom (not shown) 
to be substituted for the existing wiring loom. Another 
advantage of the engine management system 10 is that its 
functions are universally applicable, i.e., the engine man- 
agement system 10 is not vehicle model specific, and all the 
main components can be transferred between different 
vehicles with only an additional loom or a software upgrade 
to the engine control unit 20 possibly required for the second 
vehicle. 

The embodiments of the engine management system 10 
can be provided for internal combustion engine powered 
land traversing vehicles, watercraft, and flying vehicles, and 
thus include motorcycles, all-terrain vehicles, snowmobiles, ^° 
boats, personal watercraft, and airplanes. 

TTie embodiments described above are examples of the 
present apparatus and method for trimming an engine man- 
agement system whereby a number of advantages are 
achieved. 

These advantages include allowing engine operation to be 
cahbrated during continuous operation in the engine's 
intended environment. For example, the performance of a 
race engine can be calibrated during a race, without stopping 50 
the engine and without coming into the pits. Moreover, 
engine performance can be modified within particular user 
defined ranges of engine performance. 

These advantages also include allowing map set(s) to be 
provided to the engine control unit 20 as downloads from the 55 
palm-size computer 120. These map sets can be provided to 
the external processor via any known data transfer technique 
or protocol, including via the world wide web or by com- 
puter diskette. 

These advantages further include providing trim controls 60 
on the dash panel 80,80' that are readily accessible to the 
engine operator in the course of continuously operating the 
engine 100 in its intended environment. For example, the 
dash panel 80,80' can comprise at least one switch mounted 
so as to be readily acluatable by a finger of a hand grasping 65 
the left-hand grip 202 of motorcycle handlebars 200. The 
trim control switches can be ergonomically positioned on 
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the dash panel 80,80* to facifitate tactile identification and 
operation of the controls by a rider wearing gloves. 

These advantages yet further include providing one or 
more display devices 82 on the dash panel 80,80' that are 
capable of conveying information with only a brief glance 
by the engine operator. These display devices 82 can include 
a plurality of "smart," i.e., definable operation, lights 82a, 
S2bJ82c that can use different modes (e.g., off, steady glow, 
slow flashing, rapid flashing, etc.) to present different types 
of information (e.g., engine status, engine control unit status, 
trim conditions, etc.). The definitions for operating these 
smart lights S2a,S2b,S2c can be downloaded to the engine 
control unit 20 at the same lime as the map set(s) are 
downloaded to the engine control unit 20. 

While the present invention has been disclosed with 
reference to certain embodiments, numerous modifications, 
alterations, and changes to the described embodiments are 
possible without departing from the sphere and scope of the 
present invention, as defined in the appended claims. 
Accordingly, it is intended that the present invention not be 
limited to the described embodiments, but that it have the 
fall scope defined by the language of the following claims, 
and equivalents thereof. 

What is claimed is: 

1. A method of tuning an engine, comprising: 
storing a map on an external computer; 

coupling the external computer to a palm-size computer; 
downloading the map from the external computer to the 

palm-size computer; 
mounting the palm-size computer on a motorcycle; 
coupling the palm-size computer to an engine control 

unit; and 

downloading the map from the palm-size computer to the 
engine control unit; 

wherein the engine control unit determines an engine 
operating value utilizing the map. 

2. An engine management system, comprising: 

an engine control system determining an engine operating 
control value, the engine operating control value being 
supplied to an engine to control an aspect of engine 
operation; 

a palm-size computer communicating engine manage- 
ment data to the engine control system; and 

an external computer communicating engine management 
data to the palm-size computer, wherein the palm-size 
computer may be coupled to the engine control system 
and coupled to the external computer independently, 

3. An engine management system for an internal com- 
bustion engine, the engine management system comprising: 

an engine control system calculating an engine operating 
control value, the engine operating control value being 
adapted to be supplied to the internal combustion 
engine to vary engine performance; 

a palm-size computer transportable relative to the engine 
control system, the palm-size computer having height, 
width, and thickness dimensions no larger than 
approximately 6 inches by approximately 4 inches by 
approximately 1 inch, and the palm-size computer 
mnning a set of engine management tools for commu- 
nicating engine management data to the engine control 
system; and 

an external computer communicating with the palm-size 
computer, the external computer downloading to the 
palm-size computer engine management tools and 
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engine management files and uploading from the palm- 
size computer engine management files. 

4. The engine management system according to claim 1, 
wherein the palm-size computer comprises a touch-screen 
and a battery. 

5. The engine management system according to claim 1, 
wherein the palm-size computer comprises a file sub- 
system. 

6. The engine management system according to claim 1, 
wherein the palm-size computer comprises a touch-screen, a 
battery, and a file sub-system. 

7. The engine management system according to claim 1, 
wherein Ihe external computer communicating with the 
palm-size computer via at least one of a wire, a docking 
station, and electromagnetic waves. 

8. The engine management system according to claim 1, 
wherein the palm-size computer comprises a communica- 
tion sub-system communicating with the external computer 
via one of a local area network and a world-wide web. 

9. The engine management system according to claim 8, 
wherein the commimication sub-system includes an internet 
browser. 

10. The engine management system according to claim 1, 
wherein the engine management files comprise a base 
engine control map, the base engine control map correlating 25 
values of an engine performance characteristic with values 

of a base engine control. 

11. The engine management system according to claim 
10, wherein the engine management data comprises a trim 
control map separate from the base engine control map, the 30 
trim control map correlating the values of the engine per- 
formance characteristic with values of a trim control. 

12. The engine management system according to claim 
10, wherein the set of engine management tools comprises 
a cahbration tool that can define all base engine control 
values in a base engine control map, adjust base engine 
control values in a base engine control map, communicate a 
base engine control value to the engine control system, and 
communicate a base engine control map to the engine 
control system. 



35 



13. An engine management system, comprising: 
an internal combustion engine; 

an actuator mounted adjacent said engine to control an 
aspect of engine operation; 

an engine control system having a memory and an output, 
wherein said memory has stored therein instructions for 
determining an engine operating control value and 
having an output on which a signal commensurate with 
said control value is incident, said output toeing coupled 
to said actuator; 

a palm-size computer communicating engine manage- 
ment data used in determining the engine operating 
control value to the engine control system; 

a first coupler coupling said palm-size computer to said 
engine control system; 

an external computer communicating said engine man- 
agement data to said palm-size computer, wherein said 
palm-size computer may be coupled to said engine 
control system and coupled to said extemal computer 
independently; and 

a second coupler coupling said palm-size computer to said 
external computer. 

14. The engine management system of claim 13, wherein 
said actuator controls ignition timing. 

15. The engine management system of claim 13, wherein 
said actuator controls fuel delivery. 

16. The engine management system of claim 13, wherein 
said engine management data is a map. 

17. The engine management system of claim 13, wherein 
said first coupler is a cable. 

18. The engine management system of claim 13, wherein 
said first coupler is a wireless communication device. 

19. The engine management system of claim 13, wherein 
said second coupler is a cable. 

20. The engine management system of claim 13, wherein 
said second coupler is a wireless conununication device. 
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